Abstract Management of adnexal masses during pregnancy is challenging for most gynecologists. When surgery is needed, a minimally invasive approach should be preferred. The aim of this study was to evaluate the safety and feasibility of the closed entry technique for laparoscopic management of adnexal masses during pregnancy. We reviewed clinical records and videos of laparoscopic procedures performed during pregnancy. Seventeen pregnant patients with diagnosis of adnexal mass that required surgery underwent laparoscopic surgery using the closed entry or Veress technique. We searched for complications related to surgery and obstetrical and perinatal outcomes. Median gestational age at the moment of surgery was 17 weeks (range, 6-30 +4 weeks). A total of 18 interventions were performed: 12 salpingo-oophorectomies, 3 cystectomies, 1 salpingectomy, and 2 ovarian detorsions. There were no major operative or entry-related complications. Median hospital stay was 2 days (range, 1-5). Perinatal outcomes were as follows: four preterm births (all of them induced), nine full-term deliveries, one early pregnancy loss at 7 weeks, one miscarriage at 18 weeks, and two ongoing uncomplicated pregnancies. Laparoscopic approach using closed entry technique with an individual selection of the puncture site is safe in the management of adnexal masses that require surgery during pregnancy. In our experience, the Veress technique is more versatile as it gives the surgeon more freedom to choose the location of the first trocar in patients with important space limitations due to the size of the adnexal mass and/or the enlarged gravid uterus.
Background
In the past years, there has been an increase in the diagnosis of adnexal pathology during pregnancy. This is in part due to the advances in assisted reproduction techniques that achieve pregnancies in older women with higher risk and also due to the routine use of ultrasound during gestation.
Adnexal masses are found in 2-10 % of pregnant patients; the incidence ranges between 1 and 81 in every 8,000 pregnancies. Incidence is higher in the first trimester and declines progressively throughout gestation. Malignancy is found in 1-10 % of cases and is more frequent with increasing age [1] [2] [3] . The incidence reported in the literature includes the following differential diagnostics: dermoid cyst (25 %), corpus luteum cyst or functional cyst (17 %), serous cystadenoma (14 %), mucinous cystadenoma (11 %), endometriotic cyst (8 %), carcinoma (2.8 %), borderline tumor (3 %), and leiomyoma (2 %) [2] .
Like in nonpregnant patients, suspicion of malignancy is based on ultrasound findings and individual clinical characteristics, for this the International Ovarian Tumor Analysis (IOTA) group criteria, and the use of an ultrasound-based risk of malignancy index (RMI) scoring system has been proven to be useful [4] . Traditional tumor markers for ovarian cancer are unreliable since they are physiologically elevated and vary according to gestational age. Spontaneous regression has been observed in 55-96 % of masses during gestation. Larger or more complex masses as well as those diagnosed later in gestation are more likely to persist.
The most frequent complication is ovarian torsion, which appears in 7-15 % of cases. Some studies have found a higher rate of torsion in the first trimester and for masses larger than 5 cm [5] .
Generally, surgery is only indicated in patients with adnexal masses suspicious of malignancy, persistent or enlarging (higher risk of torsion), ruptured cysts, or symptomatic cases that do not respond to medical treatment. Although traditionally, laparotomy was used in pregnant patients requiring surgery, multiple studies have demonstrated the safety and feasibility of laparoscopy during gestation [6] [7] [8] [9] . Advantages of laparoscopy over laparotomy have been well established in the general population: reduced postoperative pain and use of analgesia, less adhesions and postoperative ileus, lower infection rate, early return to activities and less thromboembolic risk, shorter hospital stay, and lower costs. In parallel, all of these benefits have also been shown in pregnant patients [10] .
In the present study, we present our experience in the laparoscopic management of adnexal masses during pregnancy using the closed entry (Veress) technique and determine its safety and convenience, evaluating maternal and fetal complications as well as perinatal outcomes.
Methods
A retrospective study was carried out in the Vall d'Hebron University Hospital, between January 2008 and January 2014. Data was collected by reviewing clinical records and videos of all laparoscopic procedures performed during pregnancy in the first, second, or third trimester. Inclusion criteria were as follows: all operative laparoscopies using the closed entry or Veress technique, scheduled or emergency, indicated by the presence of an adnexal mass, suspicious of malignancy on ultrasound, or associated with abdominal pain unresponsive to medical therapy, suspicion of torsion, or whose characteristics did not allow for clinical follow-up. Exclusion criteria were laparotomy or laparoscopy using the open technique (Hasson). All patients had an ultrasound (US) prior to surgery. When malignancy was suspected, the US was performed by a specialist with experience in gynecological ultrasonography. Each patient's individual risk was determined using the IOTA criteria and personal risk factors (i.e., age, family history of ovarian or breast cancer, history of malignancy or endometriosis). We analyzed the following variables: patient's age, gestational age at diagnosis and at the moment of surgery, findings on ultrasound, type of surgery, surgical time (from initial incision to wound closure), and postoperative histopathologic diagnosis. We searched for complications associated with the entry technique and intervention, including abdominal organ injury (bowel or bladder), vascular injury, and febrile and infectious complications (e.g., postoperative fever, wound infection). We also recorded any complication that occurred throughout the gestation as well as obstetrical and perinatal outcomes. An ultrasound and/or fetal monitoring was made before and immediately after the operation to verify fetal well-being. No institutional review board approval was required at our hospital, given the characteristics of our study (chart review).
Abdominal access was achieved in all cases using the closed entry technique according to the classical procedure using the Veress needle (Lagis, Brussels) technique. On occasion, we alternatively used a Tuohy epidural needle (Smiths Medical, UK) as an alternative to the Veress needle. This type of needle is shorter (80 vs. 120 mm) and smaller in diameter (18 vs. 14 G). It is slightly curved at the end and has a blunted tip and little sharpness (Fig. 1) .
The location for needle placement was chosen in the operating room by the surgeon according to patient's characteristics (e.g., previous surgery), uterine height, and size and the location of the mass (Fig. 2 ). All data were collected and analyzed in an Excel spreadsheet (Microsoft Corp., Redmond, WA, USA). We finally carried out a univariate statistical analysis for data presentation.
Findings
A total of 17 patients were included. The patients' median age was 34 years (range, 23-39 years). Median gestational age at diagnosis and at the moment of surgery was 12 weeks of gestation (range, 0-30 +4 weeks) and 17 weeks (range, 6-30 +4 weeks), respectively. Emergency surgery was necessary in six cases because of ovarian torsion. All cases are summarized in Table 1 including patient characteristics, complications, and obstetrical outcomes. Hospital stay was a median of 2 days (range, 1-5 days). The number of trocars used was decided in the operating room according to each case. Two to four trocars were used, with diameters of 5, 10, and 11 mm. Median surgical time was 60 min (range, 40-150 min). Only two surgeries required 150 min to be completed (cases nos. 2 and 10), one of them included peritoneal biopsies, and the other was an emergency laparoscopy under suspicion of ovarian torsion.
There were no conversions to laparotomy. No entry-related complications were observed. Only one case (no. 15) was complicated by postoperative anemia that required transfusion. This was the only twin pregnancy recorded in the cohort. An emergency laparoscopy was performed because of an ovarian torsion at 26 +1 weeks, and difficult hemostasis because of venous bleeding from the ovarian pedicle was eventually achieved; the patient received a blood transfusion because of postoperative hemoglobin of 8 mg/dL. She was otherwise clinically stable and the rest of her postoperatory was uneventful.
Tocolytics were not routinely used. As for obstetrical outcomes, we recorded one dilation and curettage, four cesarean and ten vaginal deliveries (including one breech delivery), and two ongoing uncomplicated pregnancies, with a total of 18 healthy newborns (including one twin pregnancy). All cesarean deliveries were done because of obstetrical indications (two for acute fetal distress, one for severe preeclampsia in a twin pregnancy, and one because of umbilical cord prolapse). There were no perinatal complications. In four patients, labor was induced preterm, three of them for obstetrical reasons and one for interval oncologic surgery in a patient with clear cell carcinoma who underwent neoadjuvant chemotherapy during pregnancy.
Gestational age at the moment of delivery was a median of 39 weeks (range, 18 +2 -41 weeks). We observed two fetal demises in cases where emergency surgery was performed. One of them occurred almost 10 weeks after surgery, presenting with oligohydramnios at 18 weeks and ending by vaginal delivery of a 170-g fetus, following diagnosis of chorioamnionitis. The other was a miscarriage at 7 weeks of gestation after an emergency laparoscopy was performed 1 week earlier because of increasing pain and suspicion of heterotopic pregnancy (ultimately ruled out). Birth weights in the cohort were normal, with a median of 3,035 g (range, 170-3,870 g).
Histopathologic analysis reported two cases of malignancy: one borderline ovarian serous tumor and an ovarian clear cell carcinoma. All of them were treated according to our oncology protocols. The case of clear cell carcinoma underwent neoadjuvant chemotherapy beginning at 18 weeks of pregnancy and until the 34th week when labor was induced for interval surgery (14 days postpartum). Optimal surgery was achieved laparoscopically with complete surgical staging. All biopsies were negative except for the peritoneal lavage cytology. This patient continued chemotherapy with no evidence of disease for 9 months after surgery. Ultimately, she presented with peritoneal carcinomatosis resistant to platinum chemotherapy. The patient died of complications of advancing disease 26 months after the initial diagnostic surgery. As for the borderline serous tumor case, pathology confirmed a FIGO stage IA, grade 2 tumor, therefore not requiring any additional procedure or surgical staging according to our protocols. This patient continued controls every 6 months at our center with negative tumoral markers and is presently without evidence of disease.
Discussion
When facing an adnexal mass, as in nonpregnant patients, the most feared outcome is malignancy. The risk of malignancy during pregnancy is approximately 2-3 % [11] [12] [13] ; however, most cases are diagnosed in early stages and usually have good maternal and fetal prognosis [14] .
In the context of gestation, other important risks are a higher rate of torsion (associated with the enlarged mass and gravid uterus), rupture of the mass, or mechanical obstruction of labor. Some authors recommend follow-up of adnexal masses diagnosed during gestation, especially in asymptomatic patients diagnosed during a routine prenatal ultrasound Although torsion or rupture may be rare, there are no data regarding the ultrasonographic characteristics that could predict such risk. The risk of torsion appears to be greater in masses between 6 and 10 cm [5] . Surgical management is necessary for those masses suspicious of malignancy, at high risk of torsion, or symptomatic and nonresponsive to medical therapy.
Although laparoscopic management of adnexal masses during pregnancy is safe and feasible (when surgical management is warranted), most obstetricians/gynecologists are still reluctant and only well-trained and experienced endoscopic surgeons are at ease with this approach. An additional theoretical advantage of laparoscopy during gestation is the reduced manipulation of the uterus, which could minimize the potential risk of preterm birth.
In our hospital, over 10,000 routine prenatal ultrasound studies (first and second trimester) were performed between the study period; we found an incidence of adnexal mass of 1.1 %, similar to other published studies. Our practice results are also consistent with other series in rate of malignancy with an incidence of 1.7 % in pregnant patients (unpublished data). According to previously exposed criteria, only 20 % of pregnant patients with persistent adnexal mass underwent surgery in our hospital (unpublished results). In the present cohort, the elevated rate of malignancy (2/17) is due to a careful selection of patients that do require surgery.
Koo et al. have published the results of laparoscopic surgical management of 11 cases of adnexal complex benign masses during the first trimester of gestation. In their study, all laparoscopies were emergency operations, and they did not encounter any miscarriages and surgical or obstetric complications [15] . Another retrospective study described the results of 11 patients undergoing laparoscopy for adnexal mass in the second trimester also showing favorable outcomes and no complications [16] .
In our present cohort, we performed elective surgery during the second and third trimester of pregnancy. The only five patients that underwent laparoscopy in the first trimester were GE gestational age given in weeks + days, SubX subxiphoid, EpiG epigastric, P Palmer's point, Umb umbilical, SU supraumbilical, R/L SO right/left salpingo-oophorectomy, TPTL threatened preterm labor, VD vaginal delivery, ABD assisted breech delivery, CS cesarean section a Ultrasound (US) findings describe the mass characteristics or suspected diagnosis based on US and the maximum diameter of the mass (or in cases of ovarian torsion, maximal ovarian diameter) b Refers to presence of septations and/or papillary projections with US suspicion of ovarian carcinoma c CS delivery because of severe preeclampsia in a twin dichorionic diamniotic pregnancy emergency surgeries. The two fetal losses observed occurred after emergency surgery, one miscarriage after emergent laparoscopy performed at 6 weeks of gestation, and a late abortion due to chorioamnionitis 10 weeks after an emergency laparoscopy was performed at 8 weeks.
Approximately 50 % of complications during laparoscopic surgery are entry-related. This proportion has not changed in the last 20 years. According to recent guidelines for laparoscopy during pregnancy published by the Society of American Gastrointestinal and Endoscopic Surgeons (SAGES), entry can be performed with an open (Hasson) technique, Veress needle, or optical trocar, if the location is adjusted according to fundal height and previous incisions [17] . However, there is still much concern for the blind entry with the Veress needle because of its potential complications, namely, injury to the gravid uterus [18] , hence the ongoing debate regarding abdominal access in the pregnant patient.
So far, no significant or clinically relevant differences have been found between any technique [19] [20] [21] [22] . A meta-analysis published recently found no difference in major vascular or visceral complications. There was, however, a lower incidence of failed entry with the open technique, as well as less extraperitoneal insufflation and omental lesion [23] .
As we lack enough evidence or even a unified consensus, the surgeon's experience and familiarization with any given technique are still more important. Most studies published regarding management of adnexal masses during gestation encourage the use of open or Hasson technique [19, 20, 22, 24] , speculating that there is a higher risk of injury to the gravid uterus using the Veress needle method. Some studies have been published using the closed entry (Veress) technique [15, 16, 25] , although there are no trials comparing the two in pregnant patients.
Because of the normal anatomical variations in pregnancy and the reduction of space due to the enlarged gravid uterus and adnexal mass, we must change our strategy for insertion of the trocars and insufflation of pneumoperitoneum. We believe that the closed entry technique permits more freedom in choosing the trocar insertion sites, since it allows a more accurate evaluation of the patient's abdomen once the CO 2 has been insufflated. Also, we evaluate the port site for presence of adhesions using Palmer's safety test and our "safety cone" technique (see video). With abdominal distention caused by pneumoperitoneum, it is easier to determine the best location for insertion of the first trocar according to the size of the gravid uterus and both size and location of the adnexal mass (Fig. 3) . This is not possible with the open technique since the site chosen for insufflation will inevitably be the location of the first trocar (Hasson-type trocar), which usually is large in diameter (≥10 mm). Using the Veress needle technique also helps to reduce the use of large-diameter trocars to reposition the endoscope and therefore the possible complications associated with the use of such trocars, particularly the potentially increased risk of trocar site hernia with the use of these large trocars in pregnant patients.
In our present cohort, the use of the closed entry (Veress) technique proved to be safe and no complications occurred. It was never necessary to change the main trocar to reposition the endoscope. We also believe that the use of the Tuohy needle has the same advantages as the Veress needle, which are enhanced by its smaller dimensions, allowing for less potential risk of injury to the gravid uterus.
Conclusions
In summary, our findings support the safety of operative laparoscopy using the closed entry (Veress) technique in pregnant patients with adnexal masses diagnosed during pregnancy, with satisfactory maternal and perinatal outcomes. When managing adnexal masses in pregnant patients, we must take into account the risk of neoplasia and the risk of associated complications such as torsion, rupture, or obstetrical issues associated with such masses. Also, we must consider the risk of surgery at an early gestational age during the first trimester and the potential risks of emergency surgery with possibly worse obstetrical outcomes.
We believe that a closed entry technique using the Veress needle-or a similar needle (i.e., Tuohy needle)-is safe, useful, and convenient since it allows more freedom in Fig. 3 Case of a left adnexal mass in a patient with a 17-week pregnancy. Abdominal entry at the supraumbilical or Palmer's point is not possible due to high risk of injury (X marks). Alternative entry points can be the subxiphoid (A) or epigastric (B) locations choosing the location for inserting the first trocar in these specific cases. More large prospective trials are needed to establish if there is any difference between the open and closed technique for operative laparoscopy in pregnant patients diagnosed with adnexal mass.
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